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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 
Copies  of  these  guidelines  may  be  obtained  from  the  Office  of  Chief 
of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I 
investigation  is  to  identify  expeditiously  those  dams  which  may 
pose  hazards  to  human  life  or  property.  The  assessment  of  the 
general  condition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation,  and  analyses  involving  topo¬ 
graphic  mapping,  subsurface  investigations,  testing,  and  detailed 
computational  evaluations  are  beyond  the  scope  of  a  Phase  I  in¬ 
vestigation;  however,  the  investigation  is  Intended  to  identify 
any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  in¬ 
spection  team.  In  cases  where  the  reservoir  was  lowered  or  drained 
prior  to  inspection,  such  action,  while  improving  the  stability 
and  safety  of  the  dam,  removes  the  normal  load  on  the  structure 
and  may  obscure  certain  conditions  which  might  otherwise  be 
detectable  if  Inspected  under  the  normal  operating  environment 
of  the  structure. 

It  is  Important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  Internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  Incorrect  to  assume 
that  the  present  condition  of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future.  Only  through 
frequent  Inspections  can  unsafe  conditions  be  detected  and  only 
through  continued  care  and  maintenance  can  these  conditions  be  pre¬ 
vented  or  corrected. 

Phase  I  inspections  are  not  Intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guide¬ 
lines,  the  spillway  design  flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm 
runoff),  or  fractions  thereof.  The  spillway  design  flood  provides 
a  measure  of  relative  spillway  capacity  and  serves  as  an  aid  In 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  condition  and 
the  downstream  damage  potential. 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


BRIEF  ASSESSMENT  OF  GENERAL  CONDITION 


AND 


RECOMMENDED  ACTION 

Name  of  Dam:  PA-468  Dam 

NDI  ID  No.  PA-00046/DER  ID  No.  58-132 

SCS  ID  No.  PA-468 


Owner : 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 
Inspection  Team: 


Susquehanna  County  Commissioners 

Pennsylvania 

Susquehanna 

Brooklyn  Run 

18  July  1979 

Gannett  Fleming  Corddry  and 
Carpenter,  Inc. 

Consulting  Engineers 
P.0.  Box  1963 

Harrisburg,  Pennsylvania  17105 


Based  on  visual  inspection,  available  records, 
calculations  and  past  operational  performance,  PA-468  Dam 
is  judged  to  be  in  good  condition.  The  existing  spillway 
can  pass  the  Probable  Maximum  Flood  (PMF)  without 
overtopping  of  the  dam.  The  spillway  capacity  is  rated  as 
adequate. 

There  is  a  slope  stability  analysis  for  the 
embankment,  and  it  indicates  that  the  embankment  has 
adequate  factors  of  safety.  There  is  no  evidence  of 
significant  problems  threatening  the  embankment. 

The  following  measures  are  recommended  to  be 
undertaken  by  the  Owner,  in  approximate  order  of  priority, 
without  delay: 
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( 1 )  The  Owner  should  request  the  SCS  to  verify  that 
the  design  data  upon  which  this  report  is  based  is,  as 
assumed,  valid.  If  other  information  is  found  to  exist, 
the  conclusions  reached  in  this  study  should  be  checked 
for  validity. 

(2)  Make  repairs  necessary  to  eliminate  the 
separation  and  leakage  between  the  main  spillway  conduit 
and  the  impact  basin  headwall. 

(3)  Remove  rocks  from  the  impact  basin. 

(4)  Remove  brush  from  the  embankment  and  the 
auxiliary  spillway. 

In  addition,  it  is  recommended  that  the  Owner  modify 
his  operational  procedures  as  follows: 

(1)  Develop  a  detailed  emergency  operation  and 
warning  system  for  PA-468  Dam. 

(2)  Provide  round-the-clock  surveillance  of  PA-468 
Dam  during  periods  of  unusually  heavy  rains. 

(3)  When  warnings  of  a  storm  of  major  propor¬ 
tions  are  given  by  the  National  Weather  Service,  the  Owner 
should  activate  his  emergency  operation  and  warning  system 
procedures . 


Subr.it ted  by: 
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GANNETT  FLEMING  CORDDRY 
AND  CARPENTER,  INC. 


FREDERICK  FUTCHKO 

Project  Manager,  Dam  Section 


Date:  IT  September  1979 


Approved  by: 


DEPARTMENT  OF  THE  ARMY 
BALTIMORE  DISTRICT,  CORPS  OF 
ENGINEER.: 


AMES  W.  PECK 


\folonel,  Corps  of  Engineers 
District  Engineer 


Date:  2-*^ 


SUSQUEHANNA  RIVER  BASIN 


BROOKLYN  RUN,  SUSQUEHANNA  COUNTY 
PENNSYLVANIA 


PA-468  Dam 


NDI  ID  No.  PA-00046 
DER  ID  No.  58-132 
SCS  ID  No.  PA-468 

SUSQUEHANNA  COUNTY  COMMISSIONERS 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


SECTION  1 

PROJECT  INFORMATION 


1 . 1  General . 

a.  Authority .  The  Dam  Inspection  Act,  Public  Law 
92-367,  authorized  the  Secretary  of  the  Army,  through  the 
Corps  of  Engineers,  to  initiate  a  program  of  inspection  of 
dams  throughout  the  United  States. 

b.  Purpose . ‘  The  purpose  of  the  inspection  is  to 
determine  if  the  dam  constitutes  a  hazard  to  human  life  or 
property. 

1  .2  Description  of  Project. 

a.  Dam  and  Appurtenances.  ^The  dam  consists  of  a 
homogeneous  earthfill  embankment  that  is  680  feet  long  and 
64  feet  high  at  its  maximum  section.  The  main  spillway  is 
a  drop  spillway  located  near  the  left  abutment  of  the  dam. 
It  consists  of  a  concrete  riser  connected  to  a  30-inch 
diameter  reinforced  concrete  pipe  under  the  embankment. 
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One  12-inch  by  21-inch  uncontrolled  orifice  is  located  in 
the  upstream  face  of  the  concrete  riser  with  the  orifice 
crest  at  El.  1227.0,  which  is  27  feet  below  design 
elevation  of  the  top  of  the  dam.  The  top  of  the  riser  is 
8  feet  below  the  design  elevation  of  the  top  of  the  dam. 

A  platform  and  trashrack  are  located  above  the  riser.  The 
outlet  works  is  located  at  the  main  spillway.  It  consists 
of  a  12-inch  diameter  steel  pipe.  The  outlet  works  is 
closed  off  by  a  steel  plate  bolted  into  place  at  the 
downstream  end  of  the  pipe. 

The  auxiliary  spillway  is  an  excavated  channel  at  the 
right  abutment  of  the  dam.  It  is  grass-lined  except  for 
portions  that  were  excavated  into  rock.  At  the  control 
section,  the  auxiliary  spillway  has  an  earthen  crest  that 
is  75  feet  long  and  5.4  feet  below  the  design  elevation  of 
the  top  of  the  dam  and  2.6  feet  above  the  crest  of  the 
main  spillway.  The  various  features  of  the  dam  are  shown 
on  the  Plates  at  the  end  of  the  report  and  on  the 
Photographs  in  Appendix  D. 

The  total  drainage  area  at  the  dam  is  0.38  square 
mile;  about  0.08  square  mile  of  the  drainage  area  is 
drained  by  a  diversion  ditch  system. 


b.  Location .  The  dam  is  located  on  Brooklyn  Run 
approximately  0.1  mile  north  of  Brooklyn,  Susquehanna 
County,  Pennsylvania.  PA-468  Dam  is  not  shown  on  current 
USGS  maps,  because  it  was  recently  constructed.  The 
coordinates  of  the  dam  are  N41°45'20"  -W75°48'25".  The 
location  map  is  shown  on  Plate  1. 


c .  Size  Classification, 
h ign ,  65  acre-feet ) . 


Intermediate  (64  feet 


d.  Hazard  Classification,  High  hazard.  Downstream 
conditions  indicate  that  a  high  hazard  classification  is 
warranted  for  PA-468  Dam ,( Paragraph  5.1c.  (5)). 


e . 

f . 
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Ownership .  Susquehanna  County  Commissioners.  1 

j  <  P’  5  f  /  •;  4-t- 

Purpose  of  Dam.  Flood  control. 


g.  Design  and  Construction  History.  PA-468  Dam  was 
planned  under  an  agreement  between  the  Susquehanna  County 
Commissioners  (SCC-Owner)  and  the  Soil  Conservation 
Service  of  the  U.S.  Department  of  Agriculture  (SCS). 

Under  this  agreement,  the  Owner  acquired  title  to  the 
land,  the  SCS  designed  and  funded  construction  of  the  dam, 
and  the  SCC  maintains  the  dam.  The  dam  was  designed 
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between  1964  and  1965  by  the  SCS.  The  permit  to  construct 
the  dam  was  issued  in  1965  and  construction  was  started  in 
May  1966.  The  Contractor  was  A.F.  Costanzo  and  Sons, 
Scranton,  Pennsylvania.  Construction  of  the  dam  was  under 
the  supervision  of  Jesse  Evans,  contracting  officer  for 
SCC,  and  Henry  Hurt,  resident  inspector  for  the  SCS. 

The  dam  was  completed  in  1967. 

h.  Normal  Operational  Procedure.  The  reservoir  is 
normally  maintained  at  the  crest  of  the  orifice  in  the 
main  spillway  riser.  The  bolted-plate  closure  on  the 
outlet  works  is  normally  in  place. 

1  .3  Pertinent  Data. 


a.  Drainage  Area.  (square  miles)  0.38 


b.  Discharge  at  Damsite.  (cfs) 

Maximum  known  flood  at  damsite  Unknown 

Spillway  capacity. 

Orifice  with  pool  at  main 

spillway  riser  crest  40 

Main  spillway  with  pool  at 

auxiliary  spillway  crest  143 

Auxiliary  spillway  with  pool 

at  top  of  dam  2,775 

c.  Elevation .  (feet  above  msl) 

Top  of  dam  (design)  1254.0 

Maximum  pool  (design)  1252.0 

Normal  pool  (main  spillway 

orifice  crest)  1227.0 

Upstream  invert  outlet  works  1214.0 

Downstream  invert  outlet  works  1190.0 

Streambed  at  toe  of  dam  1190.0 

d.  Reservoir  Length.  (miles) 

Normal  pool  0.03 

Maximum  pool  0.11 

e.  Storage.  (acre-feet) 

Normal  pool  3 

Maximum  pool  65 

f.  Reservoir  Surface  (acres) 

Normal  pool  0.4 

Maximum  pool  4.2 
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Homogeneous 

earthfill 


Dam. 

Type 


Length  (feet) 

Height  (feet) 

Topwidth  (feet) 

Side  Slopes 

Upstream 

Downstream 

Zoning 

Cutoff 

Grout  Curtain 


680 

64 

17 


IV  on  3.5H. 
There  is  a 
1 0-foot 
sloping  berm 
at  El.  1228.0. 

IV  on  2H 

None 


Impervious 
fill  in  cutoff 
trench. 

None 


h.  Diversion  and  Regulating  Tunnel  None 

i .  Spillway. 

Main  (Principal  or  Service) 

Spillway 

Type  Drop  spillway. 

Vertical 
rectangular 
riser  2.5  feet 
by  7.5  feet, 
with  rounded 
crest;  one 
1-foot  high 
by  1.75-foot 
long  orifice 
located  on 
upstream  face 
of  riser. 

Riser  connects 
to  conduit. 
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Spillway,  (continued) 

Length  of  Weir  (feet) 

Orifice 

One  at  1 .75 

Riser 

Two  at  7.5 

Crest  Elevation 

Orifice 

1227.0 

Top  of  riser 

1246.0 

Upstream  Channel 

Reservoir;  a 
platform  is 

1 .75  feet 
above  the 
riser. 

Conduit 

Type 

Reinforced 
concrete  pipe 
2.5  feet  in 
dia. ,  on 
concrete 
cradle. 

Length  (feet) 

Elevation 

231.9 

Upstream  invert 

at  riser 

1204.0 

Downstream  invert 

1 190.0 

Downstream  Channel 

Impact  basin 
at  natural 
stream. 

Auxiliary  (Emergency)  Spillway 

Type 

Grass-lined 
earthen  and 
rock  cut  with 
IV  on  2H  side 
slopes. 

Length  of  Weir  (feet) 

75  at  earthen 

control 

section. 

Crest  Elevation 

1248.6 

Upstream  Channel 

Grass-lined 
channel  to 
reservoir. 
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Spillway,  (continued) 

Downstream  Channel 

Grass-lined 
channel 
extending  to 
overbank . 

Left  slope 
has  riprap. 

Regulating  Outlets. 

1 22* 

Steel  pipe, 

1  2-inch 
dia. , 

extending  to 
main  spillway 
riser. 

Length  (feet). 

44 

Closure 

Bolted-plate 
closure  in 
riser  at 
downstream 
end  of  steel 
pipe . 

Access 

Hatch  in 
platfo rm 
above  main 
spillway 
riser. 

f 

f 
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SECTION  2 

ENGINEERING  DATA  ( 


2.1  Design, 


a.  Data  Available.  A  summary  of  the  available 
design  data  is  in  Appendices  A  and  C.  The  SCS  design 
folder  for  PA-468  Dam,  which  normally  contains  specifica¬ 
tions,  hydrologic  and  hydraulic  design  computations , 
results  of  geologic  investigations  and  soils  testing, 
slope  stability  analyses,  and  structural  design 
computations,  was  not  available  in  PennDER's  files.  It 
was  available  in  the  SCS  files.  Upon  examination,  it  was 
found  that  each  section  of  the  design  folder,  except  the 
hydrologic  and  hydraulic  design  section,  contained  a  cover 
sheet  with  "void"  marked  on  it.  SCS  personnel  said  that 
they  were  unaware  of  the  actual  status  of  the  information 
and  did  not  know  why  it  was  marked  void.  They  stated  that 
they  would  conduct  further  research  and  contact  Gannett 
Fleming  Corddry  and  Carpenter,  Inc.  (GFCC)  if  additional 
information  could  be  found.  No  additional  information 
became  available  to  GFCC. 


b.  Cesign  Features.  The  dam  and  appurtenances  are 
described  in  Paragraph  1.2a.  The  design  features  are 
shown  on  the  Plates  at  the  end  of  the  report  and  on  the 
Photographs  in  Appendix  D.  The  embankment  is  shown  on 
Plates  2,  3>  and  4,  and  on  Photographs  A,  B,  and  C.  A 
plan  of  the  subdrainage  system  is  shown  on  Plate  5. 

The  main  spillway  riser  is  shown  on  Plates  6  and 
7  and  on  Photograph  C.  The  impact  basin  is  shown  on 
Plates  2,  3»  and  4  and  on  Photograph  D.  The  watershed 
diversion  system  is  shown  on  Plate  8. 

c.  Design  Considerations.  Although  the  main 
spillway  design  has  been  used  successfully  by  the  SCS  for 
many  years,  it  appears  that  the  entrance  to  the  conduit 
could  possibly  develop  cavitation  during  certain  flow 
conditions.  Other  design  considerations  are  discussed  in 
Sections  5  and  6. 

2  .2  Construction . 

a.  Data  Available.  Construction  data  available 
consist  of  the  construction  specifications,  construction 
photographs,  and  reports  both  from  the  resident  inspector 
and  from  the  periodic  construction  inspections  by  the 
Commonwealth.  No  adverse  items  were  noted  in  any  of  these 
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reports.  The  project  was  reported  to  have  been 
constructed  in  accordance  with  the  approved  plans  and 
specifications. 

b.  Construction  Considerations.  The  available 
information  indicates  that  the  dam  is  well  constructed. 

2.3  Operation .  Records  of  operation  consist  of  reports 
of  annual  inspections  conducted  by  the  SCS  and  SCC.  Based 
on  these  reports,  all  structures  have  performed  satis¬ 
factorily,  and  only  normal  maintenance  has  been 
necessary . 

2 . 4  Evaluation. 

a.  Availability .  Engineering  data  were  provided  by 
the  Bureau  of  Dams  and  Waterway  Management,  Department  of 
Environmental  Resources,  Commonwealth  of  Pennsylvania 
(PennDER),  and  by  the  SCS.  A  SCC  representative  was 
available  for  information  during  the  inspection.  The  SCS 
also  researched  the  files  for  additional  information  upon 
request  of  the  inspection  team. 

b.  Adequacy .  The  type  and  amount  of  design  data 
and  other  engineering  data  are  good.  The  assessment  is 
based  on  the  combination  of  design  data,  visual 
inspection,  and  performance  history. 

c.  Validity .  There  is  no  reason  to  question  the 
validity  of  the  available  construction  and  operation  data. 
Although  the  validity  of  the  available  design  data  is  in 
question,  due  to  being  marked  "void",  GFCC  could  find  no 
apparent  changes  between  the  aforementioned  available 
design  data  and  the  approved  plans. 


SECTION  3 


VISUAL  INSPECTION 


3 . 1  Findings. 

a.  General .  The  overall  appearance  of  the  dam  is 
good  with  a  few  deficiencies  as  noted  herein.  The 
locations  of  deficiencies  are  shown  in  Appendix  B  on  Plate 
B-1 .  Survey  data  acquired  during  this  inspection  are 
presented  in  Appendix  B.  Datum  for  the  survey  was  assumed 
at  the  design  elevation  of  the  end  sill  of  the  impact 
basin,  El.  1190.00.  On  the  day  of  the  inspection,  the 
pool  was  0.1  foot  above  the  crest  of  the  orifice  in  the 
main  spillway  riser. 

b.  Embankment .  The  embankment  is  in  good 
condition.  The  grass  cover  on  the  upstream  slope  and  the 
crownvetch  cover  on  the  downstream  slope  are  in  excellent 
condition.  There  is  no  slope  protection  on  the  upstream 
slope  other  than  the  grass  cover.  A  survey  performed  for 
this  inspection  showed  that  embankment  lines  and  grades 
are  in  good  conformance  with  the  design  lines  and  grades. 
Two  foundation  drain  outlets,  located  at  the  impact  basin, 
each  had  a  slight,  clear  flow.  Two  small  shrubs  were 
growing  on  the  downstream  slope  of  the  dam. 

c.  Appurtenant  Structures.  The  outlet  works  was 
submerged  and  could  not  be  inspected.  The  bolted-plate 
closure  in  the  riser  at  the  end  of  the  12-inch  diameter 
outlet  works  pipe  could  not  be  inspected  due  to  flowing 
water  in  the  riser. 

The  main  spillway  riser  was  in  good  condition. 
The  reinforced  concrete  outlet  conduit  was  inspected  and 
found  to  be  in  good  condition.  Joint  separations,  up  to  a 
maximum  of  1  inch,  were  observed  along  the  conduit.  The 
joint  separations  were  nearly  zero  at  each  end  and 
increased  progressively  toward  the  maximum  section  of  the 
dam.  At  its  downstream  end,  the  reinforced  concrete 
outlet  conduit  was  slightly  separated  from  the  impact 
basin  headwall.  A  slight,  clear  flow  of  water  was  visible 
at  the  separation.  The  impact  basin  contained  several 
large  rocks,  apparently  the  result  of  vandals.  There  was 
some  minor  spalling  of  the  concrete  along  the  inside  of 
the  xeft  wall  of  the  impact  basin. 
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The  auxiliary  spillway  was  in  good  condition.  A 
minor  amount  of  brush  was  growing  in  the  approach  area, 
but  no  other  deficiencies  were  noted.  The  survey 
indicated  that  the  difference  in  elevation  between  the 
auxiliary  spillway  crest  and  the  top  of  the  dam  was 
consistent  with  the  design  difference. 

d.  Reservoir  Area.  The  reservoir  area  has  steep, 
grassed  slopes,  and  it  is  utilized  as  a  pasture.  The 
watershed  is  nearly  all  farmland  with  only  minor  develop¬ 
ment.  The  watershed  diversion  system  was  generally  in 
good  condition,  except  that  the  inlet  area  for  the 
54-inch  diameter  culvert  was  overgrown  with  brush. 

e.  Downstream  Channel.  Brooklyn  Run  flows  for  a 
distance  of  0.^  mile  downstream  from  the  dam  to  its 
confluence  with  Hop  Bottom  Creek.  The  Village  of  Brooklyn 
is  situated  along  Brooklyn  Run  from  0.1  mile  to  0.4  mile 
downstream  from  the  dam.  There  are  approximately  25 
low-lying  dwellings  along  this  reach.  The  access  road  to 
the  dam  is  a  public  road  along  the  left  abutment. 
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SECTION  4 


OPERATIONAL  PROCEDURES 


4 .  1  Procedure .  The  reservoir  is  maintained  at  the  crest 
of  the  orifice  in  the  main  spillway  riser,  Elevation 
1227.0,  with  excess  inflow  discharging  over  the  spillway 
and  into  Brooklyn  Run,  which  flows  into  Hop  Bottom  Creek 
about  0.4  mile  downstream.  A  30-inch  diameter  reinforced 
concrete  conduit  discharges  water  from  the  reservoir. 
Since  the  12-inch  diameter  outlet  works  pipe  is  intended 
only  for  drawing  down  the  reservoir,  the  bolted-plate 
closure  on  its  downstream  end,  located  in  the  riser,  is 
usually  in  place. 

4  .2  Maintenance  of  Dam.  There  are  no  designated  care- 
akers  for  the  dam.  The  SCC,  with  the  assistance  of  the 
CS,  makes  a  formal  inspection  of  the  dam  each  year,  and 
he  records  are  filed.  Maintenance  deficiencies  are 
corrected  shortly  after  the  inspection.  Informal 
inspections  are  also  made  when  the  SCC  representative  is 
on  the  site  for  other  reasons. 

4.3  Maintenance  of  Operating  Facilities.  There  are  no 
gates  or  other  operating  facilities. 

4.4  Warning  Systems  in  Effect.  The  SCC  Representative 
stated  that  there  was  no  emergency  operation  and  warning 
plan.  He  did  state  that  the  condition  of  the  dam  is 
checked  during  heavy  rains. 

4.5  Evaluation  of  Operational  Adequacy.  Maintenance  of 
the  dam  is  good.  The  procedures  used  to  inspect  the  dam 
are  good,  as  is  the  correction  of  maintenance 
deficiencies.  An  emergency  operation  and  warning  system 
is  a  necessary  safeguard  to  improve  the  safety  of  the  dam 
and  prevent  loss  of  life  downstream,  should  evidence  of 
stress  develop  at  the  dam. 


SECTION  5 


HYDROLOGY  AND  HYDRAULICS 


5 . 1  Evaluation  of  Features. 

a.  Design  Data.  The  hydrology  and  hydraulics  of 
the  design  of  the  dam  were  based  on  standard  SCS  criteria. 
The  crest  of  the  orifice  in  the  main  spillway  riser  was 
determined  by  sediment  requirements .  The  crest  elevation 
of  the  main  spillway  riser  and  the  crest  elevation  of  the 
auxiliary  spillway  were  set  by  routing  100-year  storms 
based  on  SCS  procedures.  The  design  high  water  level  was 
determined  by  routing  a  storm  equal  to  1.25  times  the 

100  year,  6-hour  storm.  The  top  of  dam  elevation  and 
auxiliary  spillway  size  were  determined  by  routing  the 
"Freeboard"  storm,  which  is  equal  to  twice  the  design  high 
water  storm  (2.5  times  the  100-year,  6-hour  storm).  The 
"Freeboard"  storm  is  discussed  in  Paragraph  5.  Id. 

b.  Experience  Data.  The  maximum  flood  at  the 
damsite  is  unknown. 

c .  Visual  Observations. 

(1)  General .  The  visual  inspection  of  PA-468 
Dam,  which  is  described  in  Section  3,  resulted  in  some 
observations  relevant  to  hydrology  and  hydraulics.  These 
observations  are  evaluated  herein  for  the  various 
features . 


(2)  Embankment .  The  slope  protection  on  the 
upstream  slope  is  dense  grass.  Although  there  is  no 
riprap,  the  erosion  potential  due  to  wave  action  is 
minimal.  The  combination  of  small  maximum  pool  (4.2 
acres)  and  dense  vegetal  cover  makes  erosion  unlikely.  In 
addition,  the  good  maintenance  record  for  the  dam 
indicates  that  any  minor  erosion  that  might  occur  would  be 
repaired  promptly. 

(3)  Appurtenant  Structures.  Although  joint 
separations  as  large  as  1  inch  were  present  in  the  30-inch 
main  spillway  conduit,  the  Specifications  indicate  that 
the  pipe  joints  have  a  minimum  extensibility  of  2  inches. 
Therefore,  the  joint  openings  are  less  than  the  allowable 
openings,  and  the  joints  should  be  watertight.  The 
connection  of  the  outlet  conduit  to  the  impact  basin 
headwall  is  not  watertight.  Although  this  condition  has 
apparently  not  resulted  in  any  adverse  effects,  it  is 
considered  to  be  undesirable.  Potentially  adverse 
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conditions,  such  as  possible  loss  of  fine  filter  material, 
might  occur  under  high  head  conditions.  The  large  rocks 
in  the  impact  basin  are  also  considered  to  be  undesirable. 
During  periods  of  high  spillway  discharge,  turbulence 
might  cause  the  rocks  to  damage  the  impact  basin.  The 
amount  of  brush  in  the  auxiliary  spillway  is  not 
significant  at  the  present  time,  but  control  of  it  is 
necessary  to  insure  that  no  reduction  of  spillway  capacity 
o  ccurs . 


(4)  Reservoir  Area.  No  conditions  were 
observed  in  the  reservoir  area  or  watershed  that  might 
present  significant  hazard  to  the  dam.  The  assessment  of 
the  dam  is  based  on  existing  conditions,  and  the  effects 
of  future  development  are  not  considered. 

(5)  Downstream  Conditions.  No  conditions  were 
observed  immediately  downstream  from  the  dam  that  would 
create  significant  hazard  to  the  dam.  If  the  dam  should 
fail,  a  hazard  would  exist  to  dwellings  in  the  Village  of 
Brooklyn.  Because  of  the  possibility  of  flooding 
dwellings,  a  high  hazard  classification  is  warranted  for 
PA-468  Dam.  The  SCS  designed  the  dam  assuming  that  it  was 
a  Class  C  structure.  This  is  essentially  equivalent  to  a 
high  hazard  classification.  Access  to  PA-468  Dam  is 
excellent . 

d .  Overtopping  Potential. 

(1)  Spillway  Design  Flood.  According  to  the 
criteria  established  by  the  Office  of  the  Chief  of 
Engineers  (OCE)  for  the  size  (Intermediate)  and  hazard 
potential  (High)  of  PA-468  Dam,  the  Spillway  Design  Flood 
(SDF)  is  the  Probable  Maximum  Flood  (PMF). 

(2)  Design  Storm.  The  SCS  "Freeboard"  storm, 
which  was  used  to  determine  the  size  of  the  auxiliary 
spillway  and  the  top  elevation  of  the  dam,  was  not 
developed  from  PMF  methods.  However,  the  total  rainfall 
of  24.5  inches  is  equivalent  to  a  PMF  rainfall  for  this 
area.  The  assumed  losses  of  3«3  inches  are  slightly 
higher  than  those  established  by  criteria  for  the 
Susquehanna  Basin,  but  the  unit  hydrograph  used  by  the  SCS 
is  conservative.  The  computed  peak  inflow  of  2,734  cfs  is 
equivalent  to  a  PMF  peak  inflow.  The  storm  is  an 
acceptable  estimate  of  the  PMF. 

(3)  Design  Storm  Computations.  The  design 
storm  computations  and  the  spillway  capacity  computations 
are  in  Appendix  C.  It  is  noted  that  the  auxiliary 
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pillway  alone  has  sufficient  capacity  to  pass  the 
Freeboard"  storm  peak  flow  without  routing  the  flow. 
Therefore,  the  spillway  can  pass  the  PMF  without  any 
overtopping  of  the  dam. 

(4)  Spillway  Adequacy.  The  criteria  used  to 
rate  the  spillway  adequacy  of  a  dam  are  described  in 
Appendix  C.  Since  PA-468  Dam  can  pass  the  PMF,  the 
spillway  capacity  is  rated  as  adequate. 
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SECTION  6 


STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 


a.  Visual  Observations.  Nothing  was  noted  during 
the  visual  inspection  that  was  considered  to  adversely 
reflect  on  the  stability  of  the  dam  or  its  appurtenant 
s  tructures . 


b.  Design  and  Construction  Data.  Stability 
analyses  were  performed  by  the  SCS  during  the  design  of 
the  dam.  The  results  of  the  analyses  are  included  in 
Appendix  A.  The  factors  of  safety  for  the  upstream  slope 
were  computed  to  be  1.12  considering  horizontal  flow  and 
1 .20  considering  parallel  flow.  The  factors  of  safety  for 
the  downstream  slope  were  computed  to  be  1.25  for  an 
infinite  slope  analysis  with  a  dry  slope  condition  and  3-0 
using  a  wedge  analysis.  The  design  shear  strength  was 
based  on  the  consoliaated-undrained  strength  obtained  from 
a  triaxial  shear  test.  These  factors  of  safety  are 
considered  to  be  adequate. 


c.  Operating  Records.  The  reports  of  previous 
inspections  indicate  that  no  stability  problems  have 
occurred  over  the  operational  history  of  the  dam. 

d.  Postconstruction  Changes.  There  have  been  no 
postconstruction  changes  to  PA-568  Dam. 

e.  Seismic  Stability.  PA-468  Dam  is  located  in 
Seismic  Zone  1.  Normally,  it  can  be  considered  that  if  a 
dam  in  this  zone  has  adequate  factors  of  safety  under 
static  loading  conditions,  it  can  be  assumed  safe  for  any 
expected  earthquake  loading.  Since  the  factors  of  safety 
are  adequate,  the  dam  is  assumed  to  be  stable  for  any 
expected  earthquake  loading. 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS,  AND 
PROPOSED  REMEDIAL  MEASURES 


7 . 1  Dam  Assessment, 
a.  Safety . 

(1)  Based  on  visual  inspection,  available 
records,  calculations,  and  past  operational  performance, 
PA-468  Dam  is  judged  to  be  in  good  condition.  The 
spillway  can  pass  the  PMF  without  overtopping  of  the  dam. 
The  spillway  capacity  is  rated  as  adequate. 

(2)  There  is  a  stability  analysis  for  the 
embankment,  and  it  indicates  that  the  embankment  has 
adequate  factors  of  safety.  There  is  no  evidence  of 
significant  problems  threatening  the  embankment. 

(3)  The  visual  inspection  revealed  some 
deficiencies,  which  are  summarized  below  for  the  various 
features . 


Feature  and  Location 
Embankment : 

Downstream  Slope 
Main  Spillway: 

Conduit 


Impact  Basin 

Auxiliary  Spillway: 


Observed  Deficiencies 


Minor  amount  of  brush. 


Conduit  joints 
separated;  slight  sep¬ 
aration  of  conduit  from 
impact  basin  headwall 
with  slight,  clear 
leakage . 

Rocks  in  impact 
basin;  minor 
spalling  of  con¬ 
crete. 

Minor  amount  of 
brush. 


b.  Adequacy  of  Information.  The  information 
available  is  such  that  an  assessment  of  the  condition  of 
the  dam  can  be  inferred  from  the  combination  of  visual 
inspection,  past  performance,  and  computations  performed 
prior  to  and  as  part  of  this  study. 

c.  Urgency .  The  recommendations  in  Paragraph  7.2 
should  be  implemented  without  delay. 

d .  Necessity  for  Further  Investigations.  In  order 
to  accomplish  some  of  the  remedial  measures  outlined  in 
Paragraph  7.2,  further  investigations  by  the  Owner  will  be 
required . 

7.2  Recommendations  and  Remedial  Measures. 


a.  The  following  measures  are  recommended  to  be 
undertaken  by  the  Owner,  in  approximate  order  of  priority, 
without  delay: 

(1)  The  Owner  should  request  the  SCS  to  verify 
that  the  design  data  upon  which  this  report  is  based  is, 
as  assumed,  valid.  If  other  information  is  found  to 
exist,  the  conclusions  reached  in  this  study  should  be 
checked  for  validity. 

(2)  Make  repairs  necessary  to  eliminate  the 
separation  and  leakage  between  the  main  spillway  conduit 
and  the  impact  basin  headwall. 

(3)  Remove  rocks  from  the  impact  basin. 

(4)  Remove  brush  from  the  embankment  and  the 
auxiliary  spillway. 

b.  In  addition,  it  is  recommended  that  the  Owner 
modify  his  operational  procedures  as  follows: 

(1)  Develop  a  detailed  emergency  operation  and 
warning  system  for  PA-468  Dam. 

(2)  Provide  round-the-clock  surveillance  of 
PA-468  Dam  during  periods  of  unusually  heavy  rains. 

(3)  When  warnings  of  a  storm  of  major  propor¬ 
tions  are  given  by  the  National  Weather  Service,  the  Owner 
should  activate  his  emergency  operation  and  warning  system 
procedures . 
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CHECKLIST-  ENGINEERING  DATA 


POSTCONSTRUCTION  SURVEYS  OF  DAM 


united'  states  government 

Memorandum 

to  • :  Craig  M.  Right,  State  Conservation  date:  April  30,  1965 

Engineer,  SCS,  Harrisburg,  Pennsylvania  17101 

from  :  Rey  S.  Decker,  Head,  Soil  Mechanics  laboratory, 

SCS,  Lincoln,  Nebraska  68508 

subject:  ENG  22-5,  Pennsylvania  WP-08,  Martin's  Creek,  Site  No.  PA-468 

(Susquehanna  County) 


ATTACHMENTS 

1*  Form  SCS-354,  Soil  Mechanics  laboratory  Data,  1  sheet. 

2.  Foot  SCS-355,  Triaxial  Shear  Test  Data,  1  6heet. 

3*  Foot  SCS-352,  Compaction  and  Penetration  Resistance  Report,  3  sheets. 
4.  Form  SCS-353,  Filter  Design,* 1  sheet. 

5*  Investigational  Plans  and  Profiles. 


DISCUSSION 


FOUNDATION 

A.  Classification:  The  foundation  material  at  this  site  consists  primarily 
of  a  dense  glacial  till  that  is  logged  as  ML. 

Bedrock  was  encountered  in  DH  2  at  £  Station  4+50  on  the  left  abutment. 
The  bedrock  drops  off  sharply  left  of  £  Station  4+50.  in  I®  302  bedrock 
was  encountered  at  a  68-foot  depth.  DH  302  is  in  the  bottom  of  the 
valley  at  £  Station  6+80. 

Bedrock  was  not  encountered  at  the  investigational  depths  on  the  left 
abutment. 


Samples  submitted  from  Test  Hole  602  are  classified  GC-GM  and  SC-SM 

B.  Blow  Count:  The  till  is  relatively  dense  as  indicated  by  blow  count 
tests.  Tests  below  water  table  resulted  in  blow  counts  generally  in 
excess  of  40  blows/ft. 

The  GM  and  SM  alluvium  in  DH  301,  302  and  303  had  blow  counts  ranging 
from  18  to  65  blows/ft. 


C. 


D. 


The  lake  sediment  behind  the  small  dam  has  a  low  blow  count  of  2  blows/ft. 


Shear  Strength  and  Consolidation:  The  blow  count  tests  indicate  a 
foundation  with  high  strength  and  low  consolidation  potential.  • 


Permeability ;  Field  permeability  tests  were  made  aid 
the  site  investigational  report. 
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EMBANKMENT 


A.  Classification;  The  samples  submitted  from  the  emergency  spillway  and. 
from  the  borrow  area  are  sandy  and  gravelly  materials  that  are  classed 
as  SM  and  GM.  The  samples  contain  from  about  25  to  bO  percent  gravel 
and  20  to  bo  percent  fines.  The  liquid  limits  are  less  than  20  and  the 
Pi's  are  less  than  3. 

B-  Compacted  Density;  Standard  Proctor  compaction  tests  were  made  on  the 
minus  No.  b  fraction.  The  compacted  densities  obtained  ranged  from  123 
p.c.f.  to  128  p.c.f. 

» 

c-  Shear  Strength:  A  triaxial  shear  test  was  made  on  Sample  6^V2b62  to 

represent  the  materials  submitted.  The  test  was  made  on  the  minus  No.  4 
fraction  compacted  to  95  percent  of  standard  Proctor  density.  The  test 
was  made  at^ saturation  and  the  consolidated,  undrained  values  obtained 
were  0  >  c  "test  values  are  considered  to  be  representative 

of  these  materials  for  a  placement  density  of  95  percent  of  standard  Proctor 
and  are  suggested  for  design. 

D.  Permeability:  A  permeability  test  was  made  on  the  minus  No.  4  fraction 
compacted  to  95  percent  of  standard  Proctor  density.  The  test  was  made 
under  a  20C0  p.s.f.  load  and  the  permeability  rate  obtained  was  0.02 
ft. /day. 

SWFE  STABILITY 

The  stability  of  the  upstream  slope  was  checked  with  an  infinite  slope  method 
of  analysis.  The  factor  of  safety  for  a  3:1  slope  is  0.9J*  considering  horizontal 
flow  lines,  and  F6  =  1.03  considering  parallel  flow  lines. 

A  3  1/2:1  upstream  slope  has  a  factor  of  safety  of  1.12  considering  horizontal 
flow  and  Fs  =  1.20  considering  parallel  flow. 


The  proposed  2:1  downstream  slope  was  checked  with  an  infinite  slope  (dry  slope 
condition)  analysis  and  the  factor  of  safety  obtained  was  1.25. 

The  factor  of  safety  obtained  for  the  2:1  downstream  slope  with  a  sliding 
wedge  method  of  analysis  was  3.0.  This  analysis  considered  a  drain  at  c/b  =  0.6. 

SETTLEMENT  ANALYSIS 


With  the  exception  of  the  small  dam  and  the  recent  lake  sediment  the  consolida¬ 
tion  potential  of  the  foundation  material  is  expected  to  be  low  and  differential 
settlement  is  not  expected  to  be  a  problem. 
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RECOMMENDATIONS 


A.  Foundation  Preparation:  We  concur  with  the  proposal  to  remove  the  small 

dam  and  the  recent  lake  sediment  behind  it.  The  lake  sediment  is  a  2  blow/ft. 
material.  Normal  site  preparation  is  expected  to  be  adequate  for  the  rest 
of  the  foundation. 

B.  Cutoff  Trench;  A  shallow  cutoff  trench  is  suggested.  A  minimum  trench 
depth  of  5  feet  is  recommended  to  insure  that  the  trench  bottoms  below 
the  zone  affected  by  root3,  rodents,  cracking,  etc.  The  trench  backfill 
should  consist  of  the  most  plastic  material  available  compacted  to  a 
minimum  of  95  percent  of  standard  Proctor  density  with  the  control  based 
on  the  minus  h  fraction. 

C.  Principal  Spillway:  The  proposed  location  is  in  the  bottom  of  the  narrow 
V-shaped  valley.  At  this  location  dense  till  occurs  at  a  depth  of  less 
than  8  feet  and  the  conduit  can  be  bedded  directly  on  the  till  throughout 
its  entire  length.  Placement  in  this-manneF— ' would- provide.- a_ uniform 
foundation,  on  essejaiiaUy  a  non-yielding  foundation. 

If  the  conduit  is  not  bedded  on  till  at  this  location,  over-excavation 
and  backfill  will  probably  be  required  in  order  to  obtain  a  uniform 
foundation. 

D.  Drain:  A  drain  is  recommended  to  control  the  phreatic  line  in  the  erabank- 
ment  and  also  to  provide  a  safe  outlet  for  underseepage. 

Positive  control  of  the  phreatic  line  is  required  with  the  proposed  2:1 
downstream  slope.  Therefore,  we  recommend  a  partial  blanket  drain  in 
conjunction  with  a  shallow  trench  drain.  The  trench  drain  should  have  a 
minimum  depth  of  5  feet  and  should  be  located  at  about  c/b  =>  0.6.  The 
blanket  drain  should  extend  upstream  from  the  trench  drain.  A  blanket 
width  in  the  range  of  10  feet  is  suggested. 

The  suggested  filter  limits  are  shown  on  the  attached  Form  SC S- 35 3. 

E.  Bnbankment  Design: 

1»  Placement  of  Materials.  The  materials  from  the  borrow  area  and 

from  the  emergency  spillway  are  very  similar  and  the  materials  from 
both  sources  may  be  used  anywhere  in  the  fill. 

Although  some  of  the  material  will  contain  slightly  more  than  35  per¬ 
cent  gravel,  we  recommend  that  the  density  control  be  based  on  ths 
minus  4  fraction  in  order  to  insure  uniform  permeability  in  the 
embankment. 
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All  of  the  embankment  material  should  be  placed  at  a  minim  tin  of  95  % 
of  standard  Proctor  density  with  the  control  based  on  the  minus  4 
fraction. 

The  placement  moisture  content  should  be  on  the  wet  side  of 
optimum. 

2.  Slopes.  On  the  basiB  of  the  test  data  and  stability  analyses,  the 
following  slopes  are  required  in  order  to  obtain  acceptable  factors 
of  safety. 

a.  Upstream  -  3  l/2:l. 

b.  Downstream  -  2:1  with  control  of  the  phreatic  line. 

1  •»  x  ^  -»  ,  "  -/ 

_  1  *  /'° 

F.  Settlement :  An  overfill  allowance  of  1.25  ft.  is  suggested  to  compensate 
for  residual  consolidation  within  the  fill  and  the  foundation. 


Prepared  by: 


lorn  P.  Dunnigan 
Reviewed  and  Approved  by: 

Roland  B.  Phillips 
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cc:  Craig  M.  Right  (5) 

H.  M.  Kautz,  Upper  Darby,  Pa.  (2) 
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HYDROLOGY  AND  HYDRAULICS 


in  the  recommended  Guidelines  for  Safety  Inspection  of  Dams, 
the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers  (OCE), 
established  criteria  for  rating  the  capacity  of  spillways.  The  recom¬ 
mended  Spillway  Design  Flood  (SDF)  for  the  size  (small.  Intermediate, 
or  large)  and  hazard  potential  (low,  significant,  or  high)  classification 
of  a  dam  is  selected  In  accordance  with  the  criteria.  The  SDF  for 
those  dams  In  the  high  hazard  category  varies  between  one-half  of  the 
Probable  Maximum  Flood  (PMF)  and  the  PMF.  If  the  dam  and  spillway 
are  not  capable  of  passing  the  SDF  without  overtopping  failure,  the 
spillway  capacity  is  rated  as  inadequate.  If  the  dam  and  spillway  are 
capable  of  passing  one-half  of  the  PMF  without  overtopping  failure, 
or  if  the  dam  Is  not  In  the  high  hazard  category,  the  spillway  capacity 
Is  not  rated  as  seriously  Inadequate.  A  spillway  capacity  Is  rated  as 
seriously  Inadequate  If  all  of  the  following  conditions  exist: 

(a)  There  Is  a  high  hazard  to  loss  of  life  from  large  flows 
downstream  of  the  dam. 

(b)  Dam  failure  resulting  from  overtopping  would  significantly 
Increase  the  hazard  to  loss  of  life  downstream  from  the  dam  from  that 
which  would  exist  Just  before  overtopping  failure. 

(c)  The  dam  and  spillway  are  not  capable  of  passing  one-half 
of  the  PMF  without  overtopping  failure. 
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Upstream  Slope  of  Embankment 


B.  Downstream  Slope  of  Embankment. 
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GEOLOGY 


1.  General  Geology.  The  damsite  and  reservoir  are 
located  in  Susquehanna  County.  Susquehanna  County  lies 
north  of  the  Wisconsin  Terminal  Moraine  and,  with  the 
exception  of  the  summit  of  Elk  Hills,  was  entirely  covered 
by  ice.  Deposits  of  glacial  drift  of  variable  thickness 
cover  the  County  except  where  they  have  been  removed  by 
erosion.  The  County  is  drained  entirely  by  the  north 
branch  of  the  Susquehanna  River  and  its  tributaries.  The 
Susquehanna  River  enters  Susquehanna  County  from  New  York 
near  the  northeast  corner  of  the  County  and  re-enters  New 
York  just  north  of  the  town  of  Great  Bend,  Pa.  The  river 
does  not  again  re-enter  the  County  but  comes  within  four 
miles  of  the  southwest  border.  As  the  County  lies 
entirely  north  of  the  glacial  border,  there  are  abundant, 
undrained  areas  occupied  by  swamps  and  lakes.  A  geologic 
map  is  presented  on  Plate  E-1 . 

The  rock  formations  exposed  in  Susquehanna  County 
range  in  age  from  the  Post-Pottsville  of  Pennsylvanian  age 
to  the  Chemung  of  Devonian  age.  The  youngest  formations, 
the  Post-Pottsville  and  Mauch  Chunk,  are  exposed  only  in 
the  southeast  corner  of  the  County.  The  older  rocks  are 
exposed  along  the  western  and  northern  boundaries. 

The  major  structural  feature  of  the  region  is  the 
Lackawanna  Syncline,  which  terminates  in  the  southeast 
corner  but  whose  axis  turns  and  runs  due  north  along  the 
Wayne  County  line.  Along  the  west  side  of  this  synclinal 
axis,  the  strata  dip  steeply  to  the  southeast.  Over  the 
next  four  to  five  miles  westward,  the  strata  flatten  out 
to  nearly  horizontal.  Toward  Tunkhannock  Creek  to  the 
northwest,  the  strata  reverse  dip  on  the  axis  of  an 
anticline  that  continues  southwestward  as  far  as  Union  and 
Clinton  Counties.  The  rocks  in  the  remainder  of  the 
County  lie  nearly  horizontal  but  are  folded  locally  into 
minor  anticlines.  The  Wilmont  Anticline  enters  at  the 
southwest  corner  of  the  County  and  extends  across  Auburn 
Township.  Its  southward  dip  rarely  exceeds  1°,  so  that 
the  strata  in  the  southern  part  of  the  County  are  nearly 
horizontal. 


E-1 


2.  Site  Geology.  PA-468  Dam  is  underlain  by  the 
Susquehanna  Group  of  Devonian  age.  A  report  dated 
September  3»  1965  states  that  the  foundation  material 
consists  primarily  of  a  dense  glacial  till.  Bedrock  was 
encountered  at  extensive  depth.  The  Susquehanna  Group  is 
a  complex  unit  of  conglomerates,  sandstones,  siltstones 
and  shales.  From  the  base  of  this  unit  to  the  top,  the 
following  changes  occur  in  northeastern  Pennsylvania:  (1) 
grain  size  increases  from  bottom  to  top;  (2)  average 
thickness  of  beds  increases  upwards;  (3)  percent  red  color 
in  shales  increases  upwards;  and  (4)  in  general,  percent 
silica  in  rocks  increases  upwards.  Bedding  is  usually 
well-developed  with  thicknesses  up  to  sixteen  feet  in  the 
coarser  beds.  Joints  are  usually  open  and  steeply  dipping 
or  vertical.  The  shales  disintegrate  rapidly  when  exposed 
to  the  atmosphere.  The  siltstones,  sandstones,  and 
conglomerates  are  moderately  resistant  to  weathering. 

There  are  abundant  swamps  and  lakes  in  the  area,  which  is 
characteristic  of  this  glaciated  low  plateau  section  in 
which  the  dam  is  located. 
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INTERPRETATIONS  AND  CONCLUSIONS 


T  nterpretat ion 

This  site  is  excellent  from  all  aspects  of  geology.  Rock  was  encountered 
on  the  right  abutment  near  the  surface  and  at  depth  across  the  site  from  station 
4+3U.  A  glacial  till  (ML)  has  filled  the  valley  and  through  soil  formation  a 
hardpan  (SM)  layer  has  developed  upon  the  till.  Very  little  rock  excavation 
will  be  required  in  the  emergency  spillway.  Borrow  is  very  abundant  and  of  very 
good  quality. 

Foundati on 


The  foundation  is  excellent  with  no  consolidation  problems  expected.  Differ¬ 
ential  settlement  near  the  rock  drop  off  at  station  4+50  will  not  occur  because 
of  the  high  density  and  compactness  of  the  till.  Bearing  strength  of  the  till 
and  hardpan  is  very  high.  Permeability  of  the  hardpan  layer  is  believed  to  be 
slight  and  the  till  is  essentially  zero.  It  is  suggested  that  a  positive  cut¬ 
off  be  employed  through  the  top  ML  layer  on  the  right  abutment  and  at  least  2.0 
i  eel  on  the  left  abutment.  Hardpan  will  be  sufficiently  impervious  to  act  as 
a  base  for  the  cutoff.  Consideration  should  be  given  to  the  complete  removal 
of  the  alluvial  zone  as  mentioned  under  the  principal  spillway  section.  This 
zone  could  allow  considerable  leakage  and  possible  piping. 

Principal  Spillway 

The  recent  alluvium  (SM  and  GM)  is  permeable  and  less  dense  than  the  till. 
Consideration  should  be  given  to  ttie  removal  of  this  eight  foot  zone  of  allu¬ 
vium.  This  would  mean  excavation  only  as  wide  as  the  present  stream  channel 
which  is  the  limit  of  the  material.  The  till  on  the  other  hand  is  very  dense 
with  a  very  high  bearing  strength.  The  conduit  could  either  be  placed  directly 
on  the  till  or  on  till  backfill.  Either  method  would  provide  a  suitable  foun¬ 
dation.  The  small  amount  of  alluvium  removed  could  be  mixed  with  the  borrow 
material  and  used  in  the  fill. 

Borrow 

No  detailed  computations  on  the  amount  of  borrow  have  been  made,  but  rough 
calculations  shows  that  more  than  double  the  required  amount  is  present.  An 
unusual  situation  is  present  here  insomuch  as  the  removal  of  borrow  must  create 
a  sediment  pool  of  3.5  acre  feet.  In  view  of  this  special  problem  the  actual 
delineation  of  where  to  obtain  borrow  is  left  to  the  discretion  of  the  design 
engineer,  who  can  then  plan  its  removal  from  the  areas  where  more  storage  is 
required. 

It  is  suggested  that  the  top  0.5  feet  of  soil  be  removed  to  the  spoil  area. 
This  leaves  1.0  to  1.5  feet  of  ML  material  which  can  be  mixed  with  the  underly¬ 
ing  hardpan.  This  aterial  (ML  and  SM)  should  go  into  the  shell  of  the  struc¬ 
ture.  The  till  can  best  be  utilized  as  core  material. 
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;any  road  cuts  in  the  area  show  shear  failures  due 
•y.  \;iujjes.  NuL  less  than  3:1  side  slopes  in  the  borrow 


fc'.iiout  the  use  of  berms. 
bmergency  Spillway 


to  over  steepening 
area  are  advisable 


Material  removed  from  the  spillway  is  probably  best  suited  for  use  in  the 
shell  of  the  proposed  structure.  This  would  be  based  on  the  use  of  a  core  of 
the  denser  till.  The  rock  which  will  be  removed  is  not  very  strong  and  can  be 
ripped  to  a  minimum  depth  of  S.O  feet  below  the  top  of  the  weathered  zone.  It 
is  questionable  if  ripping  can  be  successfully  continued  beyond  this  depth. 


Proposed  Diversion  PA-468b 


Four  test  pits  were  dug  along  the  centerline  of  the 
Rock  was  not  encountered  and  no  problems  are  anticipated 


proposed  diversion, 
during  construction. 
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